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p^ynpniiwn OF THE INVENTION 
Provided is a novel process for producing data characterizing the nucleic 
5 acids in proliferating cells using a tandem protocol for simultaneously building and 
expanding genomics/proteomics cancer databases while coordinating present and future 
genomic/proteomic individuai patient assays M allows for diagnostic and prognostic 

evaluation of proliferative diseases. 

Understanding the relationship between genetic markers and/or events and 
the progression of a proliferative disease (i.e., a disease or condition, such as cancer or 
psoriasis, in which ceMs proliferate in an abnormal fashion) traditionally has proven to 
^ a very slow process. TypicaHy, an aberrant or aberrantly expressed gene or gene 
product is identified and, through a variety of well-known methodologies, the sequence 
of the gene may be determined and the expression of the gene may be evaluated. 
, 5 Through laborious experimentation and exploration, the relationship between express.on 
of a gene and treatments/outcomes may be determined. 

Many technologies have be«. developed which take advantage of such 
relationshipstodiag^sece^npmHfeTativediseases. These technologies often involve 
tteevaluaUonofnuc.eicacid.mabiopsyofapro.iferatingUssue. The exp.ess.on levels 
,0 of a particular gene and/or the presence of polymorphisms may be determmed. The 
" memodsforevaluanngmenu^^ 

without limitation, hybridization ft*. (i.e., Southern andNorthern blots); nucleic ac,d 
sequencing; fingerprinting <i.e., the a^lysis of reliction fragment lengtiv 
poly^rpKsm^andPCR^ 
25 in „ati,re. These protocols may be performed in a traditional manner, I*, by runmng me 
resultsonage>.orbynewermethods. These newer methods invotve miniaturization and 
multiplication of the traditional protocols and include nucleic acid microarrays and a 
variety of applications that may be performed in connection with such microarrays (,e., 
without limitation, DNA:DNA or DNA:RNA hybridizations and/or competitive 
30 hybridizations). The arrays permit the W id analysis of a nucleic acid sample forthe 
presence or absence of 12,000 or more independent nucleic acids. These independent 
nucleic acids may be of known genes or of urtcnown genes [i.e., expressed sequence tags 
(ESTs)]. 
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°" P^- 1 " in using the above-described assays ,o identify 

-* **— may no, be disting^ Aon, the bac kground of n0Imal ^ 

10 .eve,s 0„, ytt e™ o r blOTiSMra "^^ 

Wben ^ vt ClZT ° f T" ~ ° SmA ™ "~ 
cvianr kjnas form only a small percentage (\ e n i wv r • 

(Population) ofRNAs. "Subtle,' Nations inRNA « I ^ 

this case, a "subtler" deviation may actually Z w ^ * 

S increase in t h , ■ * ^ deviati °"> such as a 1000% 

increase in the expression of a particular eene P„ ro v , 

i nnrw • g For a mixed pool ofRNA a 

^npt,o„ of a g,ven gene wontd result „, only . 4% ^ fa ^ 

m the mixed population. These deviations M j», t , levels 

^stically insigritan, ,„ ■ ( 20/0) ™ y »»**«**"<>. or at ieas, 

me power of certain combinatorial and/or miniah.r,^ , 
technologies. mmiatunzed assays, such as microarray 

« i r ""tying genetic markers specific to anv ai VM 

proliferative disease but wh^n o^r j . • io any given 

--stioandou^^^ 
--gies.and^ 
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Non-genetic analysis, i.e. phenotypio analysis, of the substantially pure 
5 population of cells derived from a tissue sample also is of va.ue in the diagnosis of 
proHferative diseases, the resultant non-genetic daU can be combined with the to** 

5 of the tissue sample. 

RTTMM ARY THF. INVENTION 
The present invention is directed to a novel process for producing data 
characterizing the nucleic acids in proliferating cells using a tandem protocol for 
simultaneously building and expanding genomics/proteomics cancer databases while 
10 coordinating present and future genomic/proteomic individual patient assays, The 
protocol is comprised of culturing proliferating cells by collecting a tissue sample 
including the proliferating cells; mechanically dividing the sample into cohesive 
multicellular particulates; and growing a tissue culture monolayer from the multicellular 
particulate, Such monolayer, can be frozen for future analytic and/or prognostic and 

15 diagnostics^ 

set in a data structure that also includes data identifying the source of the tissue sample. 
Clinical data specific to the patient from whom the tissue sample was taken may also be 

included in the data set. 

Purification and classification of nucleic acids can be performed on any 

,0 nucleic acid that is present in the proliferating cells, i.e., RNA or DNA, Analyses 
typically involve use of one or more amlyUca. methods known to molecular btologtsts 
to characterize the nucleic acids, including, without limitaHon, quantitative methods that 
identify the amount of specific KNAs. in a cell, and qualitative methods mat determine 
the presence or absence 0 f specific genetic markers, such as DN A or KNA sequence 
25 insertions, deletions or substitutions. 

One important embodiment of the present invention involves the use of 
genomic and proteomic dynamic assays to analyze tumor cells grown in culture. 

The method may further include the step of characterizing the proliferating 
cells by analyzing the genetic data in connection with a set of corresrx,nding clinical data 
30 forst*^ The geneti^lirucal correlative 

data can be used to generate one or more profiles which link one or more prohferative 
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ce.l disease states with p„e„otypic ^„ ge „ otypjc oharaoten2ations ^ . 

prognoses. The data a^or profiles may be encoded in a computer storage medium A 
method for diagnosing proliferative diseases is also provided that compares either 1) the 
genehc and corresponding clinical data and/or 2) the profiles generated therefrom, to data 
« generated in connection with a new tissue sample. A computer system containing the 
dafc and/or profiles is also provided that, optionally, allows dissemination and/or analysis 
of the data over a computer network. 

BRIEF DESCRIPTION OF THF, DRAWINGS 
Figs. 1A-1C are graphs of the growth rates of three independent cell 

10 cultures; 

Figs. 2A-2F through Figs. 5A-5F are graphs depicting the results of short- 
term and long-term chemotherapy assays as follows: 

Figs. 2A-2F and Figs, 3A-3F show short-term and long-term assays for 

a first patient; 

15 Figs. 4A-4F and Figs. 5A-5F show short-term and long-term assays for 

a second patient; 

Figs. 6 and 7 show two radiation dose versus surviving (faction curves for 
two glioblastoma c.,, fines. CeHs were irradiated in microliter plates and assayed four 
days post-irradiation; 

Figs. 8A-8C are graphs of survival rates of cell cultures treated with 
radiation (Fig. 8A) or with radiation and Taxol (Figs. 8B and 8C); : 

Figs. 9A and 9B are graphs showing data from a series of experiments 
where target cells fiom two tumor types were exposed to Activated Natural Killer (ANK) 
cells; and 
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30 



Fig. 10 is a schematic diagram of a computer network for sharing the data 
generated by the methods of the present invention. 

DETAILED DF n SCR IPTrON OP thp PDpp^ppjgp EMROnnuPKrrc 

Other than in the operating examples/or where otherwise indicated all 
numbers or expressions referring to quantities of ingredients, ration conditio!, etc 
used in the specification and claims are to be understood as modified in all instances by 
the term "about." 
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The present invention is a novel process for producing data characterizing : 
the nucleic acids in proliferating cells using a tandem protocol for simultaneously 
building and expanding genomics/proteomics cancer databases while coordinating 
present and nature genomic/proteomic individual patient assays, with a two^ay feedback 
5 system that enhances each. This tandem genomic/proteomic concept cons,sts of two 

initiatives that proceed side-by-side both at a first point in time and again at a later point 
in time with respect to samples of malignant tissue from a specific patient or patients. 

The process includes the steps of selectively expanding a population of 
proliferating cells from a tissue sample, typically from a solid tumor, and subsequently 
10 extracting nucleic acid from cells ofthe expanded population. Characterization of the 
nucleic acid is performed according to the plethora of analytical techniques available to 
molecular biologists for quantitatively and/or qualitatively analyzing the nuclei acids. 

The tandem genomic/proteomic protocol consists of taking the malignant 
cells of interest at point - A" in time to create a gene relationship database in which the 
15 generationofgeneticdatacanbeusedtodeterminewhichgeneorgeneproductrelates 

to the response of a given agent. Microarray assays are then performed to generate 
genetic data that is correlated to clinicalcell lines in order to develop the database. Gene 
assays are then performed in which antisense is produced for each gene or gene product 
associated with a given response. Production ofantisense is then used as a reagent ma 
20 micro version ofthe cell-based assay system on cells that have been preselected as bemg 
representative of the original tumor, based on the fluorescent staining for the cell types 
and subtypes. Such micro version assays can be used for patient diagnostic and 
prognostic purposes. Because the cells grown in the monolayer can be frozen for later 
use the same genomic/proteomic database creation may be expanded at a later point "B 
25 intime Also, at poinfB", a micro version genomic/proteomic assay ofthe patientcells 
for patient diagnostic and prognostic purposes may be conducted again. The companson 
of the database and the patient assay may be conducted at point "A" in time, may be 
conducted at point "B" in time, and a further timeline comparison may be completed 
when all the data for points "A" and "B" are available. The present invention also allows 
30 for a cellular-based live cell dead cell rear time assay system using an ATP 
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<2™~ -* * determine tumor cell „ s , eve , s ^ ^ ^ 

The genomic/proceomic tandem pmtocol generates data by the analvtical 
5 torn, a data se, in a da, suture lhat also ^ ^ ™ 

of th phrase -genehc dara"). c, ini ca, data specific ,„ the patient from whora „. J 

^™r a, 7 aybeino,udedin,hedatoset - - - 

« T ciude ' wiamat ,im, ' ia,i ° n - ■ — ' - -* - « 

» and number of Wrs and tneir ^ fa ^ 

that patient, such as the outcome of treatments, easestatem 

expanded according to the methods of the present inv„K r ■■ yS,sofcel,s 
,,. , "'"represent invention for sensitivity to drues Data 

of ». present invention. Phenotypio dafc ^ „ ta used „ jd J , ^ 
proliferative disease state is refers in u • , "«nnry a particular 

oolvmn h- , ^ 

Polymorph,sms characteristic of a proliferative disease state " The , 
ofa«.kot,„« i< uncase state. The growth and analysis 

ofa substantially pure population of proliferating ce ii s „Ffh. • 

or-mri.7iH.~~ ^""^'ng cells of the present invention for drug 

or radiotherapy sensitivity and for both cell,.!*- » a 

^ . . rorootn cellular and secreted phenotypic markers is 

described herem and in co-pending U S Patent A„ ,• «. 

NovemberlO ,998 which • ' ^ No ^ /189 ^0,fi,ed 
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uni f,ed system for monitoring a malignancy in a patient through the duration of .he 
mM ^ y ' TT.eoeHcu.turemethodof.hepresen.inventionpermi.att.ee.cpansionof 
a population of proliferating oe..s in a mixed population of abnormal proiiferanng, pells 
; and other (normal) cells. Themixedpopuiationofe.hs^icaUyi.ab.opsyorsa^ 
fro m a solid tumor. In the oulture method of the present invention, a hssue sample from 
fte patient is harvested, — and analyzed for genetic markers. Subcultures of the 

,„ a plurality of treatment andVor therapeutic agents for .he purpose of objectively 
0 idenWebesttreatmen. for the cultured cel.s obtained from the patient. Thecuture 

mari cers, secreted factors and tumor antigens in a manner represent of the,r 
expression * v,vo. Specific method innovations, such as tissue samp.e pr^ararton 
techniques, render this method practically, as we« as theoretically, useful One 
l5 particularly important tissue sample preparation technique is the inrtta, preparation o 
lesive multiceUular particulates of the tissue samp.e, rather 
dissociated ceU suspensions or preparations, for inifia, .issue cuUure ^monofcyer 

preparation. WM^**.^*^^ 1 ^^*^ 

20 bymain,aining the abnormal proliferating ce,,s witiunamulticellular^afcof ti» 
originating tissue, grow* of the abnorma! prohferating « * »»**~r* 
overgrcwmofBbrobla^^ 
■ „ grown in culture. Practical mono.ayers of cells may thus be torn** «o 
n.eaningnd analysis of .henucleic acids of the cells, screening o, a p.urahry of s 
25 and/or agents, »e identification of cellular markers, and for use in a wide vane* 
applications, including pathology and vaccine preparation. 

One important embodiment of the present invention involves the us. of 
dynamic assays to analyze the tumor cells grown in culhrre. Proteomio dyr^ioassays 
may include, without limitation, functional assays ,o quantitate protein activtty (e.g., 
30 presence or absence of urokinase or MMP2); and htmor eel, profcin expression us.ng 
me dium-based assays tor angiogenesis factor,, tumor marker and growth facto* or 
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^ factor m Genomic dynamjc ^ may jnciude wjthou| 

.. m , t at,o„, gene expression profiling ^ pharmacogenomic ^ rf .^.^ ^ 

gene. pS3 taction effect on chemoresponse and antisense therapy, and gene 
*,»,„„, Unntafon, ^ phwotype ^ such _ 

and _ „ ^ (o ^ nw ^ ^ 

chron,c d,sease mana g e m ent, such a, hcceptin effects on HE^/neu P ro,ei„ .eve* h 
breast cancer, anti-adhesion pe^des, anagenesis ^ ^ ^ ^ 

Please an t ,-,„vasio„ ^tides and anhW. FinaHy, con.bina.ion proteonric/geoornic 

assays m ay inc.ude, without limitation , sil)g]e ce „ 
charactenzation of individual cells as wrii « t,. • , • 
■5 mu^eterscreens. Populous an, , high-throughput 

ascertai ... ^ ^ ^ m0ni '° r ° f - <° 

the ta e to the assay and to determine .hegrowth rate ot^e c„ ltur ed 

■^TT Umfa8 ^ <,n ' g addi,i ° n fe ~ — - By 

r ^"S^*^" assays concennng cancer 
a twc-stage evaiuation is contempiatcd in wWch ^ ^ ^ 

^ W.th regard to the inittaj clll(lln . ng of 

^-^a-™.*.^ Byassa^thecuiturernediaowainedrron, 
gjng ;. ,no„ 01 ayer acting to U.e inverts m eU,^ or by his^hernicat.y ar,oVor 

profile of the cellular carters or factors is obtained. 
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The data may be analyzed without the rid of a computer, to certain 
instances, it will be clear tan, the data that a certain genetic defect is present in the 
disease, prohferating cells. For instance, the over-expression of one or more genes that 
is characteristic of a certain disease state may be readiiy visuaiized. However, the 
5 strength of the process of the present invention lies in the use of computers to analyze the 
genetic data in connection with the clinical data and as an aid in diagnosis or prognose 
Therefore, the genetic and clinical data typically are stored in a computer data structure 
(database) for analysis and/or extraction at a later date. 

It is preferred that the above-described data structure is encoded m a 
,0 compu.erstoragemeoiuminaformtata.lowssearchingofftcda.a.inputofaddmonal 

data and/or data mining. Typically, the data structure forms a part of a database that . 
searchable by use of one or more of the large number of database search engines mat are 
broadly avai.able. The searches may be structured to hmit the access of users of the 
database to specific type* of searches, or unstructured, so that end users may define 
15 searches that are limited only by the types of searches available in the search engine bemg 

used. . . 

The data also may be made available in a form that permits data mrnmg. 

•Bate mining" (Knowledge Disoovery in Databases or KDD) is typically defined as the 

^trivial extraction of implicit, previous* unknown, and potential* useful informal™ 

20 ftom data The above-described process for establishing relations between the genetro 
date and the clinical data is a form of data mining since new reMonsWps .re discovered 
by this process. It uses machine learning, statistical and visualization techniques to 
discover and present knowledge in a form that is easily compn*ensible to humans. Data 
mining typically is expedited by the use of computers and may be performed by the use 

25 of on. or more of the large variety of commercially available software programs that 
enable computerized date mining. Standard database search engines may be used for date 
mining, but programs are available that are much more efficient and capable. 

Access to the date and/or database encoded on the computer storage 
n^iummaybeonasingle-userpersonalcomputerTOorworkstetion. Thedateatrf/or 

30 database also may be accessed over a computer network of two or more PCs or 
workstations. By "computer network" it is meant any connection between two 
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computing devices by which data can be shared or transferred. C„ mpul e r network 
include, without limitanon, remote direct connections, by modem or otherwise; loca. area 
network (LANs); intranets; extranet (wide area networks, or WANs); the Interne, 

locahon of and sharing of data files over large computer ^ such „ me ^ 
Examples of such communities are, without .imitation, the Napster (Cient/server) 
GnuteUa and FreeNe, (peer-to-peer) paradigms. The term "computer is to be given its' 
broadest interpretanon, incIuding without pCs ^ 

iu servers and computing appliances. 

As used herein, the phrase "computer storage medium" and the like 
■nciudes any device, interna, or externa,, permanent or removabie, in which data can be 
stored, either temporary or permanently, for use in connection with a computer 
Permanent storage media includes magnetic-, optica,- or hardware-based media 
Examp.es of magnetic media include, without limitation, hard drives, floppy drives 
magneuc tapes and other .movable magnetic media, i.e., zip drives. Optica, medii 
mclude, wrthou, .imitation, CD-ROM, CD-R, CD-RW, DVD-ROM and DVD-RAM 
medta. Hardwanvbased niedia include conventional RAM (i.e., temporary storage of the 
d ^'--™vo.a«,eRA^,ROMando^^^ 
^''«P°™*orp^^ 
with a computing device. 

to one embodiment of the present invention, raw genetic and clinicaldata 
■s encoded in a computer stonage medium in a form tha, permits mining of me ^ „ 
oth^se permits mterpreUmon of the dan. Once a sUtisacaHy significant number of 
.econ* ; W. of da* conesponding the genetic and clinical data for a single tissue 
sampte) are entered into the computer, genialities may be made about the data and 
pn^maybegenemt^^ For i Mtol c, may be 

enhanced expression of a particular gene (i.e., EGFR) in tumors of a certain origin and 

having certain phenotypic characteristic* n ~ «,« - 

h yp cnaractenstics(i.e., the presence of thrombogenic factors). 

From the data, and as a non-limiting examp.e, it may be determined that persons from 
whom a part.cular ceH type is taken have a 50% chance of surviva, after 6 months with 
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treatment with a chemotherapy agent A and a ,00% survival rate after 2 years with 
agentB Thec.eationofs.atisiioanysignincan.proniesenab.e.productionofadatabase 

which can be searched by physicians and cHnica, laboratory personnel* aid in diagnoses 

and prognoses. ft. jots 

j The data may be updated anytime new specimens are analyzed. The data 

may be entered remote* by e*d users or a. a central location by a person or organizabon 
mat maintains the database. Entry of the new data can be accomplished by a vanety of 
software interfaces, typically customized database software, that permits entry of new 
records Mo a database. These interfaces are so common and variable in stacture that 
10 meyarenotdescnbedhereintafermerdetail. For instance, an end user may manually 
enter clinical data into the database, while the raw data from a microanay reader ,s 
entered automatical into the database to lessen the livelihood of data manipu.at.on or 
errors in the communication of the data to the database. The broad availabihty of the 
database including microarray data derived from cells cultured according to the me hods 
15 of the present invention wi,l permit rapid compilation of statistical significant and 
meaningful da* for a large number of proliferative disease states. The analyzmg step 

may be either partially or felly automated by robotic devices. 

OneemlKKiimentofmecomputernetworkisslK.wnsohemahcanyioF.fr 

10 Thenetworkinoludesaplumtttyofworl^^^ 

30 «^»l^.«^»«^^^ , ^^ M 'r^.: 

clinical data corresponding to the genetic data ; and a data set 32 containing profiles 
derived from the data mining of data sets 30 and 31 . Data communion pathways 40 
connect the data sets 30, 31 and 32 with the process 20 and the workstations 10. ^^^^ 

betwe^ all of workstation 

Workstations lOcan be any computing device having a display and a data input means, 
such as akeyboard and mouse. Process 20 is performed by a computer and includes data 
30 search, data input and amnysis functions. The functions are performed by software 
and/or haMware structures in the computer. Data in data sets 30 and 31 are ana.yzed by 
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a data mining function of process 20 to generate prof.es that linJc gene(ic Md ^ 
data wh.oh are stored in data se, 32. Dato ccmmunicafion paftwa^ 40 are any pathway 
by wh.ch data can be transferred, including eiectnca , eleotromasletjc ^ 

pathways. 

Centra, to the present invennon is ft. method for siting a P op ul a,bn 
of profcferanng ce 1Is fron, . tissue ^ „ ^ ^ ■ 

meftods of anaiyzing the nucleic acids Son, a tissue samp.e are insensitive because the 
abno^proUftranngee,^^^,^,^^^^^^^^ 

■n a r^uca, sotid tumor. By selective* expanding the abnormal proliferanng ceHs to the 
exo.us.on of other cel, types, ser^Vity of geneoc tes*. especial* those ma. ouantify 
expressed sequences (specific RNAs), is incrcas*, to the point that the da* generated by 
such methodologies is meaningful. 

mus - a ° i "'^«'.^preh OT sive,ce lll uar,molec„ 1 ar and genetic guide 
to - , mduahsed therapy through the duration of the -nalignancy and thereafter is 
P-ded. The method of the presen, invention also aUows for initial identification, 
t-icmg, and ana^ing of an individua, patient, malignancy, identification of 

malignancy-specific cellular or secreted markers anrf „f ~>i> , ' 
... ». c markers and of cellular or secreted markers 

md.cat.ve of comphcations; study of the invasiveness and aggressiveness of the 
maWy; studyofthe grown, rate of me maiignancy, .tudy of rhe effect of therapies 
on*, malignancy as compared ,„ cntro, cel.s of the sah* patient (chemosensitivity 
»d/or rad.ose„si„ yi ty versus theratoxicity) and the identification of a tnaape^ index 
fr^ratioofchernosensifivi^eratoxici^ 

of h,sto,„g,ca., cytochemica, and immunochemical martcers. The method of the 

gamenr* analysis, and dissemination of daU specific ,o a given patient. FinaHy, an 
•ntegrated system is presented for deciding Which drugs to study i„ specific patients for 
use in clinical Mafe for pharmaceutical companies. , 

The method of the present invention inches the steps of col lecting a 

!T M SPeCinKn ° f ' M °" h ^ «^ -hesive 

mulhcellular particular (explants) of rhe tissue sarnie, mther fhan en.ymaHc.lly 

d.gestedcensusper.ionsorpr.parations. The ceHs are that, grevn as a tissue cu,tu re 
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monolayer fro. .he multicellular par.icula.es .0 form a prime cuHure. A specimen can 
be taken from a pa»ie„t a, any relevant site including, but no, limited to, tissue, 
fusion fluid. Samp.es may a.so be taken from body fluid orexuda.es as is appropriate. 
A .issue cuUure monolayer can be grown in any method known in .be ar, for growmg 
5 such a monolayer, for instance, in tissue culture plates or flasks. 

Once a prim, culture is established from a patient's abnormal prohferatmg 
oel,s, ore prime cu.ture can be maintained without any treatment besides normal fecdmgs 
and passage technics as indicative of the growth of the cells absent treabnen . w a 
thenapeutic regimen. Subcultures of me prime culture a* prepared so that the oeUs of the 
0 primecu.turea.no.aHec.edbyanysubsecuen.tesringor.rea.menta. Almoughpnme 
culture is preferably left untreated, either me prime culture or a subculture thereof can be 
p^agatedasareferenceculture. The reference culture is a culture which is treated w.th 
therapies reflective of a patient's actual treatment regimen. For instance, if a patten. ,s 

15 inthesameconcentrafion.Thereferenceou^^ 

pheno.ypica.ly to reflect actual progress of the proliferative disease or condition™ the 

patient. *^«*«^^^**^* , *^** m ~: 

but can reflect all of a patient's heahnents. For instance, thrombose or anU- 
thrombogenic treatments can be applied ,o the referee culture bo reflect a patient s 

treatment s^^oU^^P^^^^^^^' 
fcrther ana.ysis, such as the genetic analysis techniques of the present mvention. 
Preferab.y. since the reference culture is indicative of the current state in a patriot a 
proUferafivedis^eor^dition.suboutaresof.hereferencecutareare At 

various points in the passage of the con.ro. culture and the reference culture, ahquots of 
cellsrromthoseculturescanbestoredcryogenicallyorotherw.se. 

According to the present invention, abnormal proliferating cells prepared 
according to the culture methods of the present invention are men geneticaUy ana.yzed 
for markers specific to me prohferative disease-state of .he cells. The genefc data 
obtained thereby is used to simultaneously bui.d and expand tandem genrWproteormo 
cancer databases whi.e coordinating present and future genomio/proteomic indmdua. 
patient assays, thus providing a .wo-way feedback system. The cel.s that are analyzed 
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of l„ 1 r to 06,15 Md is ^ ,o ^ ■ « - — *** 

Pr - rab* the m ,croarray ^ nuc , ejc ^ 
pro„fe ra ,.ve drsease stares so previous)y ^ ^ 
marke , t ls meant ^ or ^ 

or a secreted peptide. p 

. Me ««*f> r isolation of the nucleic acids of the cdfe are varied and 

requu^ tha, the nucl e lc ac,d is prepared in a specific manner. Nucleic acid purification 
punficahon products pr sysfcms also being commercial availabre iron, a variety of 
20 ZeT ,n0, " di ° 8 "T ^ « -^P.armL: 

broad,, -n,e ""ceHsalso v^ 

bro^y. ,w _ of ta own proH f^ion barters, ^ MmeabOTm ^ 

'5 • Pl6CyC,h - k ' W (Rb>, derived 

- *odo, og ,es such as, "'«*^^ I ^^ qil ^ p( ^. 
chain reaction (PCR) methods (i.e., RT-PCR). PJmer.se 

identified ^o 11081 ™)^ of either known DNAs or unknown DNAs, i.e., partially 
identified or unidentified expressed sequence taes fEST.l „ 
30 availahl. b~ * ■ ■ ' ^ WS??X are now commercially 

available ftom a number of commercial sources such i« . 
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Genome Research Institute. (NHGRT) also has begun a collaborative research effort 
entiUed -The Microarray Project," which includes such efforts as the development of 
microarrays.robo.icmicroarrayersandau.omatedreaders. DNA microarrays can include 
hundreds to many thousands of unique DNA samples cova.ently bound to a glass shde 
5 in a very small are. By hybridizing labeled RNA or mRNA to the array, the aUered 
expression of one or more genes may be identified. In this embodiment of the present 
invention, total cellular RNA or mRNA (polyA* mRNA) is isolated and labeled. 
Messenger RNA is labeled by synthesizing an oligo-dT- P rimed first DNA strand ustng 
reverse transcriptase and labeled deoxynucleotides such as, without limitation, CySmUTP 
,0 commerciallyavailablefromAmershamPharmaciaBiotech. Radiolabeled nucleotides 
also can be used to prepare radioactive DNA probes. The ,abe.ed DNA, complementary 
to the mRNA, is hybridized to the microarray under sufficiently stringent cond.tions to 
ensure speciflcity of hybridization of the labeled DNA to the array DNA. The labeled 
array is then visualized. Visualization of the array may be conducted in a variety of ways. 
IS For instance, when the reading of the microarray is automated and the labeled DNA .s 
,abeled with a fluorescent nucleotide, the intensity of fluorescence for each discreet DNA 
of the microarray can be measured by an automated process using a opnfocat mictoscope 
or otherwise. The intensity of me fluorescence for each DNA sample in the microarray 
typically is directly proportional to the quantity of the corresponding species of mRNA 
,0 infteceusfromwhichthemRNAisisolaW. Itis possible to labelcDNA from two cell 
types <U, normal and diseased proliferating cells) and hybridize equal amounts of both 
probes to a microarray to identify differences in RNA expression for both normal and 
diseased proliferating ee.ls. Tools for automating microarray assays, such as robot* 
microarrayers and readers, are available commercially from companies, such asNanogen, 
25 md ^underdevelopment bvmeNHCm The automation of the microarray analytical 
process is desirable because of thehuge number of samples that need to be deposited and 
interpreted. 

DNA microarrays are possibly the more powerful topis to ut,hze m 
combination with the cell culturing method of the present ^ invention due to the increased 
30 sensitivity of mRNA quantification protocols when a substantially pure population of 
proliferating cells are used. For their ease of use and their ability to generate large 
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ZT of microam,ys " preremd ' when ™* ««. 

qual,.a„ve a.says may be prefen-ed ,„ identify certain marten. 

... rtJ1 ^ PrcSe " Ce ° f - ° r 06 ^ ""A or DNA species also may 

be ^nedp.pc^^. Known genetic polymorphisms or translocations or 

Z 1 " ? viral insertions OT insmion of mobiie *— <> — - «- 

ir* To r * pcr reac,ions dna ^ *» - «*- * «* 

-** of the present invention. Where th. seauence ano m a,ies are ^ in J on$ 

ctrr rr ,phisms may be ^ — • 

cDNA template. Aberrant splicing of RNA precursors also may be identified ^>y 
'0 conducting a PCR reaction.using a cDNA template. 

~ng of the primary s^uenoe of a given gene by the use of geLsp^ . 

_ • de "" fi «'^»euseo f al l e 1 icdiscn min a,io„mo 1 ec Ul arbeaco„probes 

Wtal. the above-mentioned assays are useful in the analysis of nucleic 
acds denved from ce,,s produced by to c U „u re raethods of ^ 

•2!Lf V t ^ ^ ^ — ^ wimin the definition of 

~*T ""^ ~ °" ™*~ fancies. Kor LanlT 

^TI" ^ ^ ^'^^^^^ca.erce.kinordertocreat.a 
~ dnrg, gancidovir (CCV). Tne Herpes Simple, Virus <HSV) produces a 

ISr^"""" ^ ^—-^ (G^V-MP, a 
the^ ^ l0X '° '° CCWS V *- k ™-.i.^ 
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transfected cells to GCV and also potentiates a strong bystander effect. The response of 
various malignancies to this gene therapy chemotherapy-sensitization protocol can be 
ascertained to provide important prognostic information. 

An important further aspect of the present invention is to provide a system 
5 for screening specific tissue samples from individual patients for expressed cellular 
markers, secreted factors or antigens including tumor antigens characteristic of the hssue 
sample A tissue sample from a patient is harvested and grown in a monolayer culture 
as described above. Culture medium in which the cultures or subcultures thereof ,s 
assayed for the presence or absence of certain factors, such as secreted tumor antigens 
10 such as, without limitation, PA1-1, u-PA, cancer associated serum antigen (CASA) or 
carcinoembryonic antigen (CEA). These factors may be detected through use of standard 
assays such as radioimmunoassay (RIA) or enzyme-linked immunosorbent assay 
(ELISA), although other assays known to those.skilled in the art may be used to detect 

and/or to quantify the soluble factors. 
15 The cell cultures grown in this manner may also be assayed 

historically and/or immunohistochemically for identification or quantification of 
cellular or membrane-bound markers. Examples of such markers include, wrfhout 
limitation, CEA, tissue polypeptide specific antigen TPS, E GFR, TGFB receptor and 
mucin antigens, such as CA 15-3, CA 549, CA 27.29 and MCA. By screening hssue 
20 samples in this manner for production bf such factors, markers or antigens, the cultured 
cells may be further identified aiding the physician in treatment strategies and as a 
prognosis indicator. Furthermore, by combining the use oftheculture technique w>th 
assaying for markers as described herein, a treatment strategy for a disease state may be 
optimized and treatment progression may be monitored. 
25 One important aspect of analyzing tissue culture medium is that 

complications of a proliferative disease state can bepredicted. For instance, one common 
complication is thrombogenesis. A propensity towards blood clot formation can be 
detected in tissue culture medium by identifying thrornbogenic or procoagulant factors 
such as, without limitation, cancer cell-derived coagulating activity -1 (CCA- 1), the 
30 Lewis Y antigen (Ley), HLA-DR and other tumor procoagulants, Such as cancer 
procoagulant (CP) and tissue factor (TF). By identifying production of thrombogemc 
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factors, a physician can prescribe drug and/or exerci^ rp mm »„o 

6 « u,u/ or exercise regimens, as appropnate, to 

prevent life and/or limb-threatening clotting. 

Cells and/or tissue culture media from any of the prime culture the 
reference culture or subcultures thereof can be analyzed for tumor aggressiveness and 
mvasiveness markers. Presence of these markers, or absence thereof, is highly relevant 
to a patient's prognosis. Furthermore, the effect of a given therapy on any of these 
markers can be analyzed. For instance, a tumor may produce angiogenic factors such as 
without hmitation, vascular endothelial growth factor (VEGF), which would lead a 
doctortogiveapatientalessfavorableprognosi, Other markers can include, without 
hrmtahon, factors which allow cancer cells to affix to organs other than those from which 
the cancer ceHs derive, for instance, beta-3 integrin, which participates in the ability of 
melanoma cells to adhere to blood vessel wall, However, the effectiveness of therapies 
can be assessed if the presence of the angiogenic marker is analyzed in segregated sites 
accordingtothemethodofthepresentinvenUon. A physician can suppress a malignancy 
by preventing expression of factors or markers which cause the malignancy's 
aggressiveness or invasiveness. 

One application of the present invention is the screening of 
ctemptherapeutic agents and other anti-neopiastic therapies in tissue cuKure prepanrtions 
of mangnantceHs Son, the patients iron, whom malignant samptes are biopsied. Rotated 
anh-oncer therapies which also can be screened using the inventive system include 
rad.at.on therapy and agents which enhance the cytotoxicity of radiation, as well as 
.mmunotherapeuHo.nti^ncer agents. Screening processes for treatments or therapeutic 
agertsfor non-malignant syndromes are also embraced within this invention and include 
w.o^UrmMon.ag^tswWch^ 

or wound heahng agents. Nor is the present efficacy assay limited only to the screening 
of active agents which speed up (healing) or slow down (anti-cancer, anti-hyper- 
proliferative) cel. grow* because agents inured to enhance or to subdue intracellular 

exampie. the formation or blocking of enzymes, neurotome* arxi other biochemicals 
may be screened with the present assay methods prior to , reatmen, of tbepatient 
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When a patient is to be treated for the presence of tumor, or other 
proliferative disease state, a tumor biopsy of >100 mg of non-necrotic, non-contaminated 
tissue sample is harvested from the patient by any suitable biopsy or surgical procedure 
known in the art and typically is placed in a shipping container for transfer to a laboratory 
5 in which the culturing of the cells according to the present invention is performed. 
Biopsy sample preparation generally proceeds as follows under a Laminar Flow Hood, 
which should be turned on at least 20 minutes before use. Reagent grade ethanol is used 
to wipe down the surface of the hood prior to beginning the sample preparation. The 
tissue sample is then removed under sterile conditions from the shipping container and 
10 is minced with sterile scissors. If the specimen arrives already minced, the individual 
tumor pieces typically are divided into four groups. Using sterile forceps, each undivided 
tissue sample quarter is then placed in 3 ml sterile growth medium (Standard F-10 
medium containing 17% calf serum and a standard amount of penicillin and 
streptomycin) and systematically minced by using two sterile scalpels in a scissor-hke 
1 5 motion or a mechanically equivalent manual or automated device haying opposing incisor 
blades. This cross-cutting motion is important because the technique creates smooth cut 
edges on the resulting tumor multicellular particulates. Preferably, but not necessarily, 
the tumor particulates each measure 1 mm 3 . After each tissue sample quarter has been 
minced, one-half of the particulates are preserved in a cryoprotectant such as, without 
20 limitation, DMSO, glycerol or mannitol. The preserved particulates are aHquotted into 
small test tubes labeled with the patient's code, the date of explantation and any other 
distinguishing data, and then frozen in Dewar bottles containing liquid nitrogen at -40°C. 
The other hal f of the particulates are plated in culture flasks using sterile Pasteur pipettes 
(9 explants per T-25 or 20 particulates per T-75 flask) and each flask is labeled as 
o 5 described above. The explants should be evenly distributed across the bottom surface of 
the flask with initial inverted incubation in a 37°C incubator for 5-10 minutes, followed 
by addition of about 5-10 ml sterile growth medium and further incubation in the normal, 
non-inverted position. Flasks are placed in a 35°C, non-CO, incubator. Flasks should 
be checked daily for growth and contamination. Over a period of a few weeks, with 
30 weekly removal and replacement of 5 ml of growth medium, the explants will foster 
growth of cells into a monolayer. With respect to the culturing of malignant cells, it is 
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believed (without any intention of ^ bound by ^ ^ ^ by ^ 
abnormal prc.lifera.ing cells wi t hi„ a multicellular particulate of ,he originating tissue 
growth of the abnormal proliferating cells themselves is facilitated versus the overgrowth 
of fibroblasts (or other unwanted cells) which tends to occur when chemically suspended 

tumor cells are grown in culture. 

The use of the above procedure to form a cell monolayer culture 
max,m,zes the growth of abnormal proliferating cells thorn the tissue sample and thus 
opumrzes ensuing tissue culture assays. Enhanced growth of actual abnonnal 
prohferating cells is only one aspect of the present invention; however, aether important 
feature ,s the growth tat. monitoring system used to oversee growth of the monolayer 
once formed. Once a primary culture and its derived secondary monolayer tissue culture 
has been initiated, the growth of the cells is monitor* to ascertain the time to initiate the 
chemotherapy assay and to determine the growth rate of the cultured cells. 

Monitoring of the growth o/cells is conducted by counting the cells in the 
monolayer on a periodic basis, without killing or staining tne cells mi wimou , ^ 
any cells <rom the culture flask. The counting may be done visually or by automated 
methods, either with or without the use of estimating techniques known in the art 
(oounting in a representative area of a grid muttiplied by number of grid areas for 
example). Data from periodic counting is then used to determine growth rates which may 
or may not be considered paxallel to growth tates of the same cells in Wvo in the patient 
If growth rate cycles can be documented, for example, then dosing of certain active 
agentsc^becustomizedformepatient. The same growth rate can be used to evaluate 
rad.at.on treatment periodicity, as we.l. It should be noted that with the growth rate 

requ,res no hemocytomeay, flow cytometry or use of microscope slides and staining 
with all their concomitant labor and cost. ' 

Protocols for monolayer growth rate generally use a ptase-contrast 
mverted m.croscope to examine onmjre flasks incubated in a 37°C (5% CO) incubator 
When the flask is placed under th. phase-conuas, Averted microscope, ten fields (areas 
on a grid inherent to the flask) are examined using the ,0* objective, with the pioviso 
^^^^*<»™^, msi ^ nyKma ^ from one another 
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so that the ten Held* are a representative sampling of the who.e flask. Percentage cell 
occupancy for each field examined is noted, and averaging of these percentages then 
provides an estimate of overall percent confluency in the cell culture. When patten, 
samples have been divided between two or among three or more flasks, an average cell 
; count for the total patient sample should be calculated. The calculated average percent 
confluency should be entered into a process log to enable compilation of data-and 
plotting of growth curves-over time. Monolayer cultures may be photographed to 
document cell morphology and culture growth patterns. The applicable formula « 

Percent confluency - fsrhmte of the urea occupied by cells 

total area in an observed held. 

As an example, therefore, if the estimate of area occupied by the cells is 
30% and the total area of the field is 100%, percent confluency is 30/100, or 30%. 

Adaptation of the above protocol for non-tumor cells is straightforward 
and generally constitutes an equivalent procedure. 

Dynamic assays, genomic/proteomic database building, and micro vets.cn 
genomic/proteomic patient assays, as well as active agent and/or radiation therapy 
screening using the cultured cells proceeds with subcultures of ft, prime culture or, 
preferably, ofthe reference culture. Cultured cells used for dynamic assay analyses are 
placed in incubation flasks. Therapy screening can be carried out in incubation flasks but 
generally proceeds using plates, such as microtiter plates. In a 
chemotherapy/radiotherapy assay, it is desirable to grow a control culture of a pahent-s 
cells in a culture parallel to the reference or prime culture. The control culture can be 
grown from skin cells ofthe patient, as an easy source of non-malignant cells, from the 
same organ from which the malignant cells are derived, or from other sources, so long 
95 as the cells are typical of non-malignant cells ofthe patient. 

The performance ofthe chemosensitivity/radiosensitivity assay used for 
screening purposes depends on the ability to deliver a reproducible ce.l number to each 
row in a plate and/or a ^ries of plates, as well as the ability to achieve an even 
distribution of cells throughout a given well. The following procedure assures that cells 
are reproducibly transferred from flask to microtiter plates, and cells are evenly 
distributed across the surface of each well. 
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The ft* step in preparing microtiter p|a(es 
mon.tonng the monolayer as described above Th. r i, • Pa™=and 

suscenffl,!. ,■ •• proloco1 is Apiary and 

«,e of vanahon as wil, he apparent lo one skiIIed f „ the ^ ^ ^ J 

from ^ * flas k and a oeH pelle, is prepared by centring. The ce„ pej 

^fa^ S u "i ^ drOP,et fi ° m 4,16 centcr of " tne conical tube is pipetted onto one weN 
° ' * "'^ A *~ » ' h ™ — - *P~ a 36 „, a.icuo, of ^ blu 

* Z 7T"T*' V *~'- **' ' fem ^ fi — On,ythosece„swhich 
have no, tak en up the trypan b!ue dye are counted. This process is repeated for the 

-ond™n,,»gchan,be. An ave^e cel, count per chamber is Un. deteled Us^ 

:re?rrr tte ~^ fva,uesarewi ^^s 

to gjve cells/ml, and the total amount of fluid ( erowth mf >H. ^ 

— eel, a| iq „o,s is cafculatod acco^ SUSPe " d 

additional cl, r^* 0 deS,,ed COn0en,naOn " - "-editun has be« defined, 
ce„ ahcuots fan tbe monolayer are suspended in growth ^ TOr ^ 

d"T tan8and, °^ i " to >™ <^W intnea , Ce„s to he us^t 

— Ahouotsofthe raining 0 e„. suspension are delivered into the 
-rohter plates using Ten^ dispenser technioues known i„ the ar, A p^Iw 

«en.e we, co«o„ gau* and incited in a„ i„ cobator box by ^ ^ ^ 

therein to ^ '"'^ of«« cells 

to aobve agent and/or Nation is conduct*, ,„ ^ fo|lo 

atr!;r , ^ K ** * ^ P^es prepared as described 

above. A general protocol, which may be adapted, follow* B v. ■ .• 
unwrapped from its we. ~» pled - f °»0W5- Each rmcrotrter plate is 

"om lis wet cotton gauze soonee a n w ~- 

S e sponge and microscopically examined for cell 
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adhesion. Control solution is dispensed into delineated rows of wells within the grid in 
the microtiter plate, and appropriate aliquots of active agent to be tested are added to the 
remaining wells in the remaining rows. Ordinarily, sequentially increasmg 
concentrations of the active agent or higher doses of radiation being tested are 
5 administered into progressively higher numbered rows in the plate. The plates are then 
rewrapped in their gauze and incubated in an incubator box at 37°C under 5% CO, After 
a predefined exposure time, the plates are unwrapped, blotted with sterile gauze to 
remove the agent, washed with Hank's Balance Salt Solution, flooded with growth 
medium, and replaced in the incubator in an incubator box for a predefined time penod 
10 after which the plates may be fixed and stained for evaluation. 

Fixing and staining may be conducted according to a number of smtable 
procedures. The following is representative. After removal of the plates from the 
incubator box, culture medium is poured off and the plates are flooded with Hank's 
Balance Salt Solution. After repeated flooding (with agitation each time) the plates are 
1 5 then flooded with reagent grade ethanol for 2-5 minutes. The ethanol is then poured off. 
Staining is accomplished with approximately 5 ml of Giemsa stain per plate, although 
volume is not critical and flooding is the goal. Giemsa stain should be left in place 5 
min + 30 sec. as timing influences staining intensity. The Giemsa stain is then poured off 
andtheplatesaredippedtoeetimesincoldtapwaterinabeaker. THe plates are then 

,0 inverted, 

laboratory bench. Cells per well are then counted manually or by automated and/or 
computerized means to derive data regarding chemosensitivity of cells at vanous 
concentrations of exposure. One particularly useful computer operating environment for 
counting cells is the commercially available OPTJMATE compiler, which is des.gned to 
25 permit an optical counting function well suited to computerized cell counting procedures 

and subsequent calculations. 

The above procedures do not change appreciably when cell growth 
promoters are assayed rather than cell arresting agents, such as chemotherapeutic or 
radiotherapeutic agents. The present assay allows cell death or cell growth to be 
30 monitored with equal ease. In any case, optimization of use of the present system w.ll 
involve the comparative testing of a variety of candidate active agents for selection of the 
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best candidate for patient treatment based upon the /„ vitro results. One particularly 
advantageous embodiment of the above-described invention comprises a two-stage assay 
for cytotoxicity followed by evaluation of longer-term inhibitory effect 
Chemotherapeutic agents may thus be evaluated separately for both their direct 
5 chemotherapeutic effect as well as for their longer duration efficacy. 

As discussed in brief above, in parallel with growth of the prime or 
reference culture, a control culture can be grown. The control culture is a culture of 
normal cells taken from the same patient from whom the prime culture is collected The 
control culture can derive from an epithelial cell sample or can be collected from the 
10 same organ as the prime culture so long as the control culture contains no abnormal 
prohferating cells. More than one control culture can be maintained. For instance 
cultures of both normal slrin cells and normal cells of an organ from which the 
mahgnancy is derived can be maintained. The value of maintaining a control culture is 
many fold. Primarily, the control culture serves as a negative control (or positive control 
5 depending upon the marker to be analyzed) in the various analyses to be carried out on 
the prime culture, the reference culture or subcultures thereof. 

A second value of the control culture is an indicator of theratoxicity, the 
tox^tyorundes^ Forinstance in the 

segregated analysis of chemotherapeutic agents described above, concomitant analysis 
of the same agents on segregated sites of the control culture would yield an indication of 
cytotoxicity of the agent with regard to malignant ceHs versus the theratoxicity of the 
agent to control cells. A therapeutic index can be calculated based on the ratio of 
cytotox 1C ity to malignant cells to theratoxicity. Cytotoxicity and theratoxicity can be 
quanufred as a percentage or fraction of cells ki , led by a given therapy or as a percentage 
or fraction of cells surviving a given therapy. A therapeutic index is a ratio of these 
percentages or fractions and is reflective of the desirability of a given treatment in a 
patient An optimal treatment would be maximally cytotoxic (or even cytostatic) to the 
mal.gnant cells and minimally toxic to a patient's normal cells. 

Other indices may be generated depending upon the desired effect of a 

therapy. For instance, if a desired therapy is designed to up-regulate a m^oy- 
spec,^ 
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an index could be generated to discern a treatment which reflects maximal up-regulation 
of the antigen in the malignant cells and minimal or negative up-regulation in a patient's 
normal cells. A similar index can be calculated based upon down-regulation of a desired 
marker (i.e., an angiogenic factor) which can be assayed as either a secreted or a cellular 
5 marker and reflects maximal down-regulation of the marker with minimal theratoxicity 
or other undesirable effects on the control culture. 

Often the diseased cells express a cellular marker that is indicative of a 
certain disease state or lack thereof However, one aspect of the culture techniques of the 
present invention is that the cultured diseased cells do not necessarily have to be the cells 

10 expressing the factor to be assayed. One question that inevitably arises when considering 
whether a serum marker is indicative of a particular cancer cell is: which cells produce 
the marker, the cell or the tissue in which the cancer cells grow? By co-culturing the 
cancerous tissue within a multicellular particulate of its originating tissue, the cells (both 
the diseased cells or the surrounding cells) are better able to retain their production of 

15 characteristic markers. 

Literally any active agent may be screened according to the present 
invention. Listing exemplary active agents is thus omitted here. 

One important focus of the present invention thus includes the simplicity 
of the present system-cohesive multicellular particulates of the patient tissue to be tested 

20 are used to form cell monolayers; growth of those monolayers is monitored for accurate 
prediction of correlating growth of the same cells in vivo; differing concentrations of a 
number of active agents may be tested for the purpose of determining not only the most 
appropriate agent but the most appropriate concentration of that agent for actual patient 
exposure (according to the calculated cell growth rates), and the cultured cells can be 

25 tested for the presence of abnormal markers, such as genetic markers. It is also important 
to note in the context of the invention that the present system allows in vitro tests to be 
conducted in suspensions of tissue culture monolayers grown in nutrient medium, under 
fast conditions (a matter of weeks), rather than with single cell progeny produced by 
dilution cloning over long periods of time. In some cases, the present invention is a twb- 

30 stage assay for both cytotoxicity and the longer-term growth inhibitory. 
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It is additionally possible to increase the value of the assay with the use 
of stammg compositions and protocols designed to characterize (he malignant cells thus 
grown, toother words, the tissue preparation and cell culturing technique itself offers a 
firs, assurance that the cells grown outofthehrmor are really U,emalig ra „. ta mor cells 
and no, fibroblasts or other n„n-ma.igna„ t cells of no diagnostic value. As a separate 
confirmation, the present staining compositions and protocols offer a second, 
mdependent assurance that the ce!ls subject to diagnostic or prognostic assay are, in fact 
mahgnant cells in culture. One important characterization has to do with the nature of 
the malignan, cells as epithehal, which is in fum an indicator of the carcinoma type of 
mahgnancy. Other characterizations of malignant cells are intended to fall within the 
scope of the present invention as well, although the characterization of the cells as 
epithelial or not is of primary importance. 

The technique is practiced as follows. The same cell culturing and well 
dtstnbution process is used as in the cytotoxicity assay described above, but rather than 
exposmg th. cells to chemotherapeutic or other agents, the cells are instead fixed ami 
. stamed. W.th thestain or stain cocktail described below, the epithelial cells are identified 
by their intermediate fUaments and/or specific membrane antigens by means of a 
monoclonal antibody immunoperoxidas. technique. The fixative used can be any 
nxativewMchdc^r^.al.erftec.llutamotaularmarkersofu.ter^ The fixed stained 
cells are men counted. If the specimen is positive for epithelial cells, th, proo «s is 
complete. If ft. specimen is negative for epithelial cells, an independent fixing and 
starmng process is subsequently completed, with afresh cells from identical wells using 
Vunenun as a stain to confirm the non-epithelial nature of the cells. 

The importance of havingastain orstain cocktail (i.e„ arml^ cocktail) 
- well as an overall protocol for identifying ep ithe.ial «„s in 0 i opsia! of m!dignail[ 
tumors is as follow, In the basic cytotoxicity assay, the tissue culture technique is 
te.gnedtogrowou.mecel.sofft.turnoroforiginand, in fact, consistent* does so 
Despue such reKab.e predictabilify, however, *e fact that the cells ofthe tumor of origin 
M. ,n fact, grow out, M d not fibroblasts or other ceHs, must be confirmed with 



-26- 



WO 02/33117 



PCT/US01/32540 



patient assay(s). The present teclinology provides a means to obtain this confirmation 
which, in turn, furthers the interests of good laboratory and medical practice. 

As a general consideration, the staining compounds or compositions of 
interest for use in the present technology are those which bind with cellular molecular 
5 markers unique either to epithelial or to non-epithelial cells. A further aspect of the 
invention, therefore, inheres in the following two aspects: the improvement of the 
cytotoxicity assay by adding the epithelial staining protocol with any known epithelial 
stain; and the further improvement wherein specially designed stain cocktails maximize 
the likelihood that the presence of any known intermediate filament or specific membrane 

10 antigen characteristic of epithelial cells will be identified, if present. 

Many carcinomas are positive for any one of the intermediate filaments 
or specific membrane antigens characteristic of epithelial cells. Virtually all, if not all, 
carcinomas are positive for one of a number of such intermediate filaments or specific 
membrane antigens. For example, "epithelial membrane antigen" (EMA) glycoproteins 

15 are known in the art and can be bound with various anti-epithelial membrane antigen 
antibodies including monoclonal antibodies. Cytokeratin is another important epithelial 
cell marker and binding reagents including monoclonal antibodies are available which 
are specific to cytokeratin. While antisera can be raised in vivo against markers such as 
EMA glycoproteins and cytokeratin, as a practical matter, commercially available 

20 polyclonal or monoclonal antibodies are used in the following protocols, with 
monoclonal antibodies being preferred. 

Binding of the epithelial marker is revealed with associated staining 
procedures and reactions which give a visual indication that the fnarker binding took 
place. Those skilled in the art appreciate various techniques already available— in the 

25 general field of "immiinocytochemistry"— to reveal antibody-antigen reactions. 

One known way to accomplish this visualization when antibody binding 
reagents are used is with the "labeled streptavidin procedure." In this procedure, after the 
specimen is exposed to antibodies specific to the target antigen, a secondary "link" 
antibody is added. The secondary biotinylated "link** antibody consists of anti-mouse and 

30 anti-rabbit antibodies which bind universally to most primary monoclonal or polyclonal 
antibodies. The "link" will also connect to the tertiary reagent (peroxidase-labeled 
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stieptavidin) through chemical bonding between the biotin on ft. secondary reagent and 
Che sheptavidin on the streptavidin/peroxidase conjugate. Staining is complex by 
mcubaung fte specimen and primary, second^ and tertiary agents in fte presence of a 
c-Homogen, so that ,he peroxidase and the chronogen form . visible preojpitate 
Alternatively, a ftuorescein-based detection system can be used to visuahze the primal 
antibody, or a ft ir d alternative known in fte art as the digoxigenin-conjuga.ed detection 
system may be used. 

Of the various epitheliai markers, three have received the most widespread 
attention in fte literature: EMA glycoproteins, cytokeratin, and carcinoembryonic 
antigen. I„ the context of this invention, fte first two are fte most important because 
^rally any epithelia. cel, wi„ have at leas, eifter one EMA 8 ,ycop ro ,ein o„ fte surface 
thereoforacytokeratinintermediatefitamentpresent. before, fte present invention 
res-des no. only in binding and staining for an epi.he.ia, marker on fte surfaces of fte 
specunen ceHs, bu, in simultaneously assaying for eifter or both of EMA gI yco pro .ei„(s) 
and cy.okera.in. The cocktails of fte presen. invention, fterefore, contain binding 
reagent for both EMA glycoproteins and cytokeratin and, importantly, are selected to 
mdude fte most generally applicable binding reagents in combination so fta, fte cockM 
hasftebroades.bindingscopepossib.e. The cc.ktiu.s identified m Examples .and 2 
<orexan,p,e, present a combination of two general binding reagent (containing a Mai' 

r t ^ i ra0n0Cl0nalan - b0d ^^^-^ao^edwiftager^bindingreagen. 
fcrEMAg,yco pro ,ei„. The dual benefit of this admixture of general binding agentsis 
«.a, fte .ncidenoe offa.se negatives for epithelial cel.s is minimised and fte visible 
^mng.achonsaregen^.lyshongerwhen fte combined binding reag^b are used 
in lieu of a single binding reagent. 

• AHhough fte binding reagents and other reagents identified in fte 

Examples are the preferred reagents for use in me context of the invention, fte invention 
« .needed ,o encompass epiftelial-specific bmding and staining reagents gen^Hy. 
These mclude, without .imitation, Boehringer-Marumeim AE1 anti.ybken* antibody; 
Boehnnger-Mannheim AE3 anti-cytokeratin antibody; Boehringer-Maruiheim AEI/AE3 
anti^okeratin antibody (AE1 and AE3 in admixture* Becton-Dicldnson CAM 5 2 
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Anti-Cytokeratin Cocktail CK23; Biomeda's Anti-Pan-Cytokeratin CK56; Biomeda's 
polyclonal goat or rabbit anti-cytokeratin antisera; ScyTek Laboratories anti-EMA 
antigen antibody clone E29; and many others. Those skilled in the art and in possession 
of the guidance provided herein can readily determine alternative, equivalent binding and 

5 staining reagents and cocktails to accomplish the disclosed result. These binding agents 
and cocktails may be used in combination with any known visualization system, such as 
the streptavidin-, fluorescein- and digoxigenin-conjugated systems identified above. 

As a control, Vimentin antibody is used as a binding alternative either in 
conjunction with binding and staining of the test cells or subsequently thereto. In the 

10 context of this invention, Vimentin can be considered a binding reagent which is specific 

to non-epithelial cells. 

In a further aspect of the present invention, immunological markers may 
be monitored in applications requiring up- or down-regulation of such markers (i.e., 
major histocompatability complex molecules). This aspect of the present invention can 
15 be especially useful in transplantation applications where, for instance, through chemical 
" or biological means, rejection of transplanted cells is sought to be avoided by down- 
regulation of the various transplantation antigens present on the cells to be transplanted. 
The present invention would be especially usefiil in monitoring such immunoregulation. 

Lastly, cell morphology can be assayed by culturing cells of, i.e., the prime 
20 culture or the reference culture; removing the cells from the surface upon which they 
grow; centrifuging the cells into a loose pellet; and growing the cell pellet over a defined 
time period. By growing cells in this manner, it is possible to view the cohesive 
morphology of cells in a cluster resembling a tumor. 

Example 1 

25 Radiation Therapy 

Separate 50 mg samples from residual tissue from specimens of three 
human glioblastomas and one human ovarian carcinoma were minced in medium with 
sterile scissors to a particle size of roughly 1 mm 3 and with a particle size distribution 
between about .25 and about 1.5 mm 3 . The medium was Standard F- 10 medium 
30 containing 17% calf serum and a standard amount of penicillin and streptomycin. Each 
50 mg sample was minced and was divided into four groups of particulates and each of 
1 6 groups was charged to a separate labeled culture flask containing the above-described 
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medium. Visual confirmation was made ««* 

with weekly removal and repiacement of 5 m , .r™-, ""^ 
5 Wo monolayers. medium, the particulates grew 

tube with a vortex for 6-to , mrt,um ^ mixed in a conical 

a 96-we„ microtiterplate togefter with an eoua, T ^ "* ° f 

-ulting admire was men divided 1 ^ ^ ^ ^ 

e.aminationusingas^dligh.miol^r " " " 

hemocytometerauadrantsund, L "^counted ™ two out of four 

-her. ^-J^J^^*^--* 

were loaded into a Ten^K m ^"™ ™ vortex and rooking and 

«"nlo a Terasaki dispenser adapted to a 60-well olafc Ar . i 

P"=pared cell suspension were delivered into m . T " ° f 

technic known in the art W , *— " 

-aoon^onofiOOceHsp'wt, ^ 

««o„ dose from .GytooGy JJ^-*'*-— *r«ft 

a.ou.edata ST^^ curves were 

aia - 1 ne rate of decrease n survival a« « fi.« 

dose. A differential »k,k °" ° f ^ W3S P^^onaJ to 

ffere.t.al^ahonresponsearnongthefourc 
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Example 2 
Immunotherapy 

Separate 50 mg samples from residual tissue from specimens of a human 
brain tumor, renal carcinoma, and breast carcinoma were minced in medium with sterile 

5 scissors to a particle size of rough^^ 

about 25 and about 1.5 mm 3 . The medium was Standard F-10 medium contammg 17% 
calf serum and a standard amount of penicillin and streptomycin. Each 50 mg sample 
was minced and was divided into four groups of particulates and each of 12 groups was 
charged to a separate labeled culture flask containing the above-described medium. 

10 Visual confirmation was made that the particulates were evenly distributed along the 
bottom of each flask and the flasks were placed in a 35°C, non-CO, incubator. Flasks 
were checked daily for growth and contamination. Over a period of a few weeks, wath 
weekly removal and replacement of 5 ml of growth medium, the particulates grew mto 
monolayers. 

15 Enough cells were then removed from the monolayers grown in the flasks 

for centrifugation into standard size cell pellets for each of the twelve flasks. Each cell 
pellet was then suspended in 5 ml of the above-described medium and was rmxed m a 
conical tube with a vortex for 6-10 seconds, followed by manual rocking back and forth 
ten times. A 36 ml droplet from the center of each tube was then pipetted into one well 
20 a96^well m icront e rplatetogemervvimanequd ™* 
resulting admixture was then divided between two hemocytometer quadrants for 
examination using a standard light microscope. Cells were counted in two out of four 
hemocytometer quadrants under lOx magnification-only those cells which had not taken 
up the trypan blue dye were counted. This process was repeated for the second countmg 
25 chamber. An average cell count per chamber was calculated and by mear* known in the 
art the optimum concentration ofcells in the medium was determined. 

Accommodating ^the above calculations, additional cell aliquots from the 
12 monolayers were separately suspended in growth medium via vortex and rocking and 
were loaded into a Terasaki dispenser adapted * a 60-well plate. Aliquots of the 
30 prepared cell suspension were delivered into the microtiter plates using Terasala 
dispenser techniques known in the art. Cells were plated into 60-well microtiter plates 
at a concentration of 100 cells per well. 
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Twenty-four hours post-plating, the Activated Natural Killer (ANK) cells 
were delivered into a row of six well, by means of a micropipet In each microtiter 
plate, three rows of six wells each served as controls. The effector (ANK cells) target 
cell (tumor cells) ratio varied from 2.5:1 to 20:1. The ANK cells were exposed to the 
target cells for four hours. Subsequently, the wells were washed with Hank's Balanced 
Salt Solution and the number of ANK cells remaining in the wells was observed with a 
phase contrast microscope. This process was repeated until no ANK cells remained in 
the wells (usually three washes). Following removal of the ANK cells, the tumor cells 
were incubated in the wells for another 24 hours. 

Cell number relative to control was determined. For the three tumor types 
increasing the effector target cell ratio from 2.5.1 to 20:1 resulted in an increase in the 
number of tumor cells killed by the ANK cells. 

Example 3 

Gene Therapy/An tisense Oligonucleotides 
A 50 mg sample from a residual human mesothelioma was minced in 
medium with sterile scissors to a particle size of roughly 1 mm 3 and with a particle si 2e 
distnbution between about .25 and about 1.5 mm 3 . The medium was Standard F-10 
m^um containing 17% calf serum and a standard amount of penicillin and 
streptomycin. The 50 mg sample was minced and was divided into four groups of 
Peculates and each of four groups was charged to a separate labeled culture flask 
containing the above-described medium. Visual confirmation was made that the 
particulates were evenly distributed along the bottom of each flask and the flasks were 
Placed in a 35°C, non-CO, incubator. Flasks were checked daily for growth and 
contammation. Over a period of a few weeks, with weekly removal and replacement of 
5 ml of growth medium, the particulates grew into monolayers. 

Enough cells were then removed from the monolayers grown in the flasks 
for centrifugation into standard size cell pellets for each of the four flasks. Each cell 
pellet was then suspended in 5 ml of the above-described medium and was mixed in a 
cornea, tube with a vortex for 6-1 0 seconds, followed by manual rocking back and forth 
ten umes. A 36 ml droplet from the center of each tube was then pipetted into one well 
of a 96-weU microtiter plate together with an equal amount of trypan blue, plus stirnng 
The resultmg admixture was then divided between two hemocytometer quadrants for 
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examination using a standard light microscope. Cells were counted in two out of four 
hemocytometer quadrants under lOx magnification— only those cells which had not taken 
up the trypan blue dye were counted. This process was repeated for the second counting 
chamber. An average cell count per chamber was calculated and by means known in the 
5 art, the optimum concentration of cells in the medium was determined. 

Accommodating the above calculations, additional cell aliquots from the 
four monolayers were separately suspended in growth medium via vortex and rocking 
and were loaded into a Terasaki dispenser adapted to a 60-well plate. Aliquots of the 
prepared cell suspension were delivered into the microtiter plates using Terasaki 

10 dispenser techniques known in the art. Cells were plated into 60-well microtiter plates 
at a concentration of 1 00 cells per well. 

Twenty-four hours post-plating, the antisense oligonucleotide for the 
urokinase-type plasminogen activator receptor (uPAR) was delivered to wells in the 
microtiter plate. Proteolysis of plasminogen to plasmin by urokinase-type plasminogen 

1 5 activator has been implicated in the processes of tumor cell proliferation and invasion. 
The concentrations of the uPAR antisense oligonucleotide were 1, 10 and 100 
micromolar. uPAR sense and missense oligonucleotides at the concentrations of 1, 10 
and 100 micromolar served as controls. The tumor cells were exposed to the 
oligonucleotides for 24 hours and then the agents were removed. The cells were allowed 

20 to ineiibate for another 72 hours so that inhibition of cell proliferation could be observed. 

Cell number relative to control was then determined. Antisense 
oligonucleotides to uPAR suppressed the proliferative activity of the tumor cells in a 
concentration-dependent manner. 

Example 4 

25 Gene Therapy/HSV-TK Ganciclovir Suicide Gene 

A 50 mg sample from a residual human ovarian cancer was minced in 
medium with sterile scissors to a particle size of roughly 1 mm 3 and with a particle size 
distribution between about .25 and about 1.5 mm 3 . The medium was Standard F-10 
medium containing 17% calf serum and a standard amount of penicillin and 

30 streptomycin. After each tissue sample quarter has been minced, one-half of the 
particulates was preserved in DMSO. The preserved particulates were aliquotted into 
small test tubes labeled with the patient's code, the date of explanation and any other 
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distinguishing data, and frozen in Dewar bottles containing liquid nitrogen at -40T The 
other half of the particulates was plated in culture flasks using sterile Pasteur pipettes (9 
explants per T-25 or 20 particulates per T-75 flask) and each flask was labeled as 
descnbed above. Visual confirmation was made that the particulates were even.y 
d,s«„bu,ed along the bottom of each flask and the flasks were placed in a 35»C incubator 
Over aperiod ofa few weeks, with weekly removal and replacement of 5 ml of growth 
medium, the particulates grew into monolayers. 

Enough cells were then removed from the monolayers grown in the flasks 
for cer.triiugation into stands size cell pellets. Each eel! pellet was then carefully 
removed from the centrifuge tube and plated onto a sterile culture flask in StarKlard F-l 0 
med,um containing 17% ^ . ^ ^ ^ 

and placed in a 37°C CO, incubator. 

Twenty-four hours post-plating, the control group, consisting of one-half 
of the tumor pellets, received by need,e transfer an adenovirus vector carrying the lacZ 
marker gene and an appropriate dose of GCV. The treatment group recei ved by needle 
transfer an adenovirus vector carrying the HSV-TK gene and an appropriate dose of 
GCV. The pellets were allowed to incubate for another 72 hours. 

HSV-TK/GCV gene therapy produced moderate and difiuse degeneration 
of the cancer cells in the treatment group when compared to the control group. 

Examples 
Combination Chemotherapy 

Separate 50 mg samples from residual tissue from specimens irorafour 
human ovarian tumors were minced in medium with sterile scissors to a particle size of 
roughly 1 mm and with a particle size disWbution between about .25 and about 1 5 W 
The medium was Standard F-,0 medium containing I7% serum ^ .-.^ 
amount of penicillin «, streptomycin. Each 50 mg staple was minced and divided into 
four groups of particulates and each of l6 groups was charged to a separate landed 
^^M^^^Mrn*™. Visualconfirmahonwasmade^ 
the peculates were evenly disused along the bottom of each flask and the flasks 
were placed in a 35"C,„„„^ incubator. Flasks were checked daily for grown, and 
con^mation. Overaperiod ofa lew weeks, with weekly removal and replacement 
5 ml of growth medium, the particulates grew into monolayers. 
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Enough cells were then removed from the monolayers grown in the flasks 
for centrifiigation into standard size cell pellets for each of the 16 flasks. Each cell pellet 
was then suspended in 5 ml of the above-described medium and was mixed in a conical 
tube with a vortex for 6-10 seconds, followed by manual rocking back and forth ten 
5 times. A 36 ml droplet from the center of each tube was then pipetted into one well of 
a 96-well microtiter plate together with an equal amount of trypan blue, plus stirring. The 
resulting admixture was then divided between two hemocytometer quadrants for 
examination using a standard light microscope. Cells were counted in two out of four 
hemocytometer quadrants under lOx magnification—only those cells which had not taken 
10 up the trypan blue dye were counted. This process was repeated for the second counting 
chamber. An average cell count per chamber was calculated and, by means known in the 
art, the optimum concentration of cells in the medium was determined. 

Accommodating the above calculations, additional cell aliquots from the 
1 6 monolayers were separately suspended in growth medium via vortex and rocking and 
15 were loaded into a Terasaki dispenser adapted to a 60- well plate. Aliquots of the 
prepared cell suspension were delivered into the microtiter plates using Terasaki 
dispenser techniques known in the art. Cells were plated into 60-well microtiter plates 
• at a concentration of 100 cells per well. 

Twenty-four hours post-plating, the chemotherapeutic agent Taxol was 
20 applied to the wells in the microtiteF plates. The first three treatment rows in the plates 
(rows 2, 3, and 4) were designed to have escalating Taxol doses (1.0, 5.0, and 25 |iM) 
with a fixed carboplatin dose (200 pM). The last three treatment rows in the plates (rows 
6, 7, and 9) were designed to have a fixed Taxol dose (5 ^M) with an escalating 
carboplatin dose (50, 200, and 1000 fiM). Rows 5 and 9 served as a control. The Taxol 
25 exposure time was two hours. Twenty-four hours later, the cells in the wells were 
exposed to carboplatin for two hours. The tumor cells in the wells were then incubated 
for another 48 hours. 

Cell number relative to control was determined. For the cells from the 
four tumor specimens, a dose response relationship was observed for both the escalating 
30 Taxol/fixed carboplatin and fixed Taxol/escalating carboplatin treatment schema. 
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Example 6 
Hormonal Therapy 

m«b ,, SeP "' e 50 m8SM,P,KfomTOidUallisSuefo -^™ns torn four 

s 'T were in medium wi,h '° * -«* - ^ 

Tb. m ed,u m « Sta^ wo „*„ contain,^ 17% oa|f semm ^ ' 

!lt: particuia,es Md rach ° f 16 ~- w * * • 

•he plates were ove„ ly distributed along ^ rf ^ ^ 

were p la ceo ,„ a 35»C, „o„-C0 2 ,„c„ ba(0 , ^ were ^ for 

- ov CTaPeriodofafeww ^ wi ,_ kly _ vai j - 2: 

5 ml of growth mcton,, ft. partioulales ^ ^ momlaym 

5 / n0U *"' IS ^ toCT ~ fomte ™«^-^n i „ t h efl a sl cs 
was then -p-W in 5 m) of the mKUunl ^ mixed jn a 

op.,m„ m concontaUon of „ll s i„ ft. mcdium was dctem , jiKd "* 
A ^^*i„g the .cove calculation^ 

ataconcentnaionoflOOoeltep^well. P^tes 
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Twenty-four hours post-plating, the antiestrogenic compound Tamoxifen 
was delivered to wells in the microtiter plates. A stock solution of Tamoxifen was 
initially prepared by dissolving 1.5 mg of Tamoxifen powder in 1 ml of absolute ethanol 
and then adding 9 ml of growth medium. This stock solution was then used to make 
5 Tamoxifen solutions in the concentration range of 10 nM to 20 jiM. Six doses of 
Tamoxifen were used for cells from each of the four breast tumor specimens. An ethanol 
solution at a concentration equivalent to that at the highest Tamoxifen concentration 
served as a control. The tumor cells were exposed to Tamoxifen for 24 hours and then 
the agent was removed. The cells were allowed to incubate for another 72 hours so that 

10 inhibition of cell proliferation could be observed. 

Cell number relative to control was then determined. There was no effect 
observed when the ethanol-only control wells were compared to the growth medium-only 
control wells. The cells of two of the four breast specimens tested showed an inhibition 
of cell proliferation by Tamoxifen exposure. These responses occurred in the mid-to- 

1 5 high Tamoxifen concentration ranges. 

Example 7 
Differentiating Agent Therapy 

Biological Response Modification 

Separate 50 mg samples from residual tissue from specimens from four 

20 human breast tumors were minced in medium with sterile scissors to a particle size of 
roughly 1 mm 3 and with a particle size distribution between about .25 and about 1 .5 mm 3 . 
The medium was Standard F-10 medium containing 17% calf serum and a standard 
amount of penicillin and streptomycin. Each 50 mg sample was minced arid divided into 
four groups of particulates and each of 16 groups was charged to a separate labeled 

25 culture flask containing the above-described medium. Visual confirmation was made that 
the particulates were evenly distributed along the bottom of each flask and the flasks 
were placed in a 35°C, non-C0 2 incubator. Flasks were checked daily for growth and 
contamination. Over a period of a few weeks, with weekly removal and replacement of 
5 ml of growth medium, the particulates grew into monolayers. 

30 Enough cells were then removed from the monolayers grown in the flasks 

for centrifugation into standard size cell pellets for each of the 16 flasks. Each cell pellet 
was then suspended in 5 ml of the above-described medium and mixed in a conical tube 
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with a vortex for 6-10 seconds, Mowed by manual rocking back and forth ten toes A 
ml droplet from ,he center of each tube was then pipetted into one wel, of a 96-weli 
m.c ro d to p,ate,o g e tt e r wi a ,a„e qu a I an 1 ow,,of tr v P a„ blll e,p lussBrring . 
admire was then divided between two hemocytometer quadrants for examination 
usmgastandardlightmicroscope. Ceils were c„ Mted u, ^ oot offour ^ 
quadrants under .Ox magnification-only those M „s which had no, taken np rhe trypan 
b.uedyewerecounted. This proeoss was repeated for the second counting chamber. An 
average cell conn, per chamber was calculated and by means known in the art, the 
ophmum concentration of cells in the medium was determined. 

Accommodating the above calculations, additional cell aliqnots from the 
.« monolayers were separately suspended in grow* medium via vortex and rocking at* 
were loaded into a Terasaki dispenser adapted to a 60-we,l plate. Aliquots of the 
prepared cel, suspension were delivered into the microtiter prates using Terasaki 
dispenser techniques known in the art. Cells were p,a,ed into o0 . weII microti|er p|a(es 
> at a concentration of 100 cells per well. 

Twenty-four hours post-plating, the differentiating agent retinoic acid was 
dehve^l ,o wells i„ the microtiter p htes . A stock solution of retinoic acid wa, ininally 
TO by dissolving retinoic acid powder in , m , of DMSO md ^ adding 9 „, of 

3~-r-« ^dosesofrenn.icac.dwereu^forcel.snom 

rLITJ ^^'"^^^^^^^--^onequivalen, 
toftatat^htghestrehnoicacidconcenWons^as^ The tumor eels were 

expos* to rebnoic acid for 24 hours and then the agent was removed. The cens wen, 

• k ' I. CellnumbCTre tative to control was then determined. There was no effect 
Jewels. r**«to«*^^*^ M ^ mUM J t 

of^Ul^^y^^^ Theser^por.esoccurredinU.emid-to- 
high retinoic acid concentration ranges. 
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Example 8 

Combined Modality Therapy Drug/Radiation 

Separate 50 mg samples from residual tissue from specimens from two 
human brain tumors and two human ovarian tumors were minced in medium with sterile 
5 scissors to a particle size of roughly 1 mm 3 and with a particle size distribution between 
about .25 and about 1 .5 mm 3 . The medium was Standard F-10 medium containing 1 7% 
calf serum and a standard amount of penicillin and streptomycin. Each 50 mg sample 
was minced and divided into four groups of particulates and each of 16 groups was 
charged to a separate labeled culture flask containing the above-described medium. 
10 Visual confirmation was made that the particulates were evenly distributed along the 
bottom of each flask and the flasks were placed in a 35°C, non-CC>2 incubator. Flasks 
were checked daily for growth and contamination. Over a period of a few weeks, with 
weekly removal and replacement of 5 ml of growth medium, the particulates grew into 
monolayers. 

15 Enough cells were then removed from the monolayers grown in the flasks 

for centrifiigation into standard size cell pellets for each of the 16 flasks. Each cell pellet 
was then suspended in 5 ml of the above-described medium and mixed in a conical tube 
with a vortex for 6-1 0 seconds, followed by manual rocking back and forth ten times. A 
36 ml droplet from the center of each tube was then pipetted into one well of a 96-well 

20 microtiter plate together with an equal amount of trypan blue, plus stilting. The resulting 
admixture was then divided between two hemocytometer quadrants for examination 
using a standard light microscope. Cells were counted in two out of four hemocytometer 
quadrants under lOx magnification— only those cells which had hot taken up the trypan 
blue dye were counted. This process was repeated for the second counting chamber. An 

25 average cell count per chamber was calculated and by means known in the art, the 
optimum concentration of cells in the medium was determined. 

Accommodating the above calculations, additional cell aliquots from the 
16 monolayers were separately suspended in growth medium via vortex and rocking and 
were loaded into a Terasaki dispenser adapted : to a 60- well plate. Aliquots of the 

30 prepared cell suspension were delivered into the microtiter plates using Terasaki 
dispenser techniques known in the art. Cells were plated into 60-well microtiter plates 
at a concentration of 100 cells per well. 
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Twenty-four hours post-plating, cells in the microti plate wells were 
exposed ,o the ohemotherapeutic agent Taxol. One set of plates was designed to have 
escalating Taxo, doses with (0.5-25.0 uM) with a fixed radiation dose (2 O y ). A second 

ZlTlrT^ '° ^ 3 ^ TaX °' *- (5 ^ Wi ' h " «* <* — *» 
dose(IGy-oGy). The cells in the plates were irradiated using a Siemans Stabilipan X- 

raymachme operating at 250 kVp, ,5 mA with adose rate of 75 rad/tnin 

^^^^^-'^ema.cellnun.b.rperwellwasrnonito^ 
as a «u,c„on of t,me through five days post-treatment. Cel, number relative to controls 
was detenmned and sun,ival curves were fit. A differentia, response among the oells 

IZZT tumor *" fa "" was ** additive md - ™"g 
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A tumor biopsy of approximately ,00 mg of „o„-„ecrotic no a . 

andc„, m , 0 o rarterawithasten , esoalpeL Using sterile forceps, each undivided dssue 
quarter was then placed in 3 m, steri.e growth medium (StelKbr d P - 10 medium 

r"7* ^ ^ ^ ' o^PenioiHin and streptomycin, and 

- sy.erna cal.y minced by using „ ^ ^ fa . ^ ^ 

^.culateseaoHmea^ahout.n™^ A«er each tumor ouarter was minced, 

Le °: 20 ri 7 rt, ; U,a,e5 T " 75 «-* was men labeled with the paueL 

cod, fc * of exp.anta.ion and any other distinguishing da* The exp,al were 

Ill J m, ' n "' eS ' " " y •* B ^ 5 -'» ™- *en,e 

Placed m a 35 C, non-CO, incubator. F,asks were checked daily for growth and 

S^S week, wimweeklyremova, andrepf™ 

5 ml of grow* medtum, the explants grew out i„ te a monolayer. 
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Example 10 
Unified Tracking System 

A. Growth Rate 

Following initiation of prime cell culture of a tumor specimen, the growth 
5 rate of the cells was determined until the chemosensitivity assay was performed. During 
this time period, the growth was monitored by observing the percent of confluency of the 
cells in a flask. These data provide information valuable as a correlation to possible 
growth of the tumor in the patient, as well as for the interpretation of the results of the 
chemosensi ti vi ty assay. 

10 Three examples of growth rate data are shown in Figs 1 A-1C. The percent 

of confluency of the cultured cells is plotted as a function of time after the initial seeding 
of the tissue specimen. 

Slow Growth Rate (Fig. 1 A): 25% confluent after 19 days 

Moderate Growth Rate (Fig. IB): 60% confluent after 21 days 
1 5 Fast Growth Rate (Fig. 1C): 90% confluent after 21 days 

B. Immunohistochemical Staining for Cell Characterization, etc. 

Many tumor specimens will contain a mixture of cancer and normal cells. 
Although in many cases tumor cells will readily grow in tissue culture while the normal 
cells will not, it is important to be able to distinguish the two cell types. Using 

20 irrimunoperoxidase techniques to stain cells for various intermediate filaments, the 
differences between normal (fibroblast-like) cells and cells from epithelial tumors were 
characterized. These techniques can also be used to identify other tumor cell 
characteristics which may have prognostic value. 

An initial attempt at cultured cell characterization has been known to use 

25 known epithelial tumor cell lines and a known fibroblast cell line. The epithelial tumor 
cell lines all have stained positively for a mixture ("cocktail") of epithelial intermediate 
filament antibodies (not every line, however, has stained positively for the three 
antibodies within the mixture [AE1/AE3; Cam 5J2; EMA]). Some of the epithelial tumor 
cells in culture also stained mildly positive for an antibody against an intermediate 

30 filament characteristic of fibroblasts (vimentin). When staining for fibroblast 
intermediate filament (vimentin) in cell culture, all fibroblast cells were positive. Some 
focal staining by epithelial tumor cells for vimentin was also present. 
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Epithelial r.nr.irt„;i v 
Epithelial tumor cells ^ V^nentm 

Fibroblasts + 
Testing of intermediate fluents with antibodies for epithelial cells and^ 
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v. m ^*- ^H'u'cjiai ceils and 

noZ; 10 bB 3 ^ — S - — — .cn- of , umor ^ 

C - Response in ChemnHi^py 

The ' iSSUeOU " Ure<!h ™ os ^'ivi ty a SS a y ha S b e e„ refi nedto m akeitn,o re 

The ™ .a, ^on was t „ aiiow a 24-hou r time pe riod between platjng „ J,, .„ 
« we>,s an, „. raposurc to ^ ^ ^ ^ « ^ ■ » 

ac„ve , «* of potion where ttey ^ raore sensjtjve (o ^ ^ ■ 

0 second c„an g e was to inil ,, te . long . tem , _ y inhibjti<)n _ « ■ ^ 

of ** 72 nou.. The shorf-te™ assay is conducted 24 . 72 „ ours ^ ^ 
a g en ,s added. ^ I0 „ ger ..^ ^ ^ ^ ^ w £-» 

o ce„ da m a g e wnicb c«™. over a p roh ac ted ^ Md ^ * 
* befo re i, beocnes „ (Cy , a « „f „, 

re .a,v esurviva , ratesofagivence|loulhire Itisoalolllatedaooonil . ngtolhefo J^ 

CI ~ n-No. of cells in trR^H ^ 
No. of cells in control wells 

fa- fte short - tCTn assay ^ ^ ^ 4A ^ 

observed dunng the short-tarn assay. The lone te™ „.„ : • 

tissue cult,,- i. ' 'ong-temi assay is now ,noo,po ra ted into the 

tissue culture chemoseiuativity on a routine basis. 

D - Response In Radiating Th.^py 

theranv h 

therapy on tumor cells in culture has resulted in a -a , . 
, . ■ ' . resulted in a rapid evaluation method for the 

determmation of inherent cellular radiation res™™, a 

resnon,. . ^ ° As m ^Ple, two radiation dose- 



-42- 



WO 02/33117 



PCT/US01/32540 



The cells from the tumor specimen in Fig. 6 are more resistant than those of the specimen 
in Fig. 7. The more resistant tumor has been previously irradiated. 

The microtiter well assay is ideally suited for examination of the 
interaction of chemotherapeutic agents and radiation. Issues such as the differential 
5 sensitivity of drug/radiation combinations and the timing of drug/radiation combinations 
may be directly addressed with this system. An illustration of chemotherapeutic agent 
enhancement of radiation response is presented in Figs. 8A-8C. 

Fig. 8A: Radiation-only at 2 Gy and 4 Gy 

Fig. 8B: Taxol 8.5 ng/ml + 2 Gy and 4 Gy 
1 o Fig. 8C: Taxol 42.5 ng/ml + 2 Gy and 4 Gy 

E. Response to Cellular Immunotherapy 

Activated lymphocytes are being used as a treatment for some types of 
cancer. These Activated Natural Killers (ANK) cells have been shown to mediate highly 
efficient cell killing for some tumor types. The microtiter well assay can be utilized to 
1 5 make a rapid assessment of ANK-induced tumor target cell killing. An illustration of two 
such interactions is presented in Figs. 9A and 9B. 

Tn Figs. 9A and 9B, the target cells were from a melanoma and a renal 
carcinoma, respectively. The target cells were exposed to the ANK cells for four hours 
and then the assay was performed. The effector taiget cell ratio varied from 1 :2.5 to 1 :20. 
20 The data show increasing cell killing as a function of increasing effector target ratio. 

F. Use of Tissue Culture Medium for Determination of Factors with Possible 
Prognostic/Bioloeical Significance 

A number of substances secreted by tumor cells, such as tumor associated 
antigens and plasminogen activators and inhibitors, are believed to regulate a variety of 

25 processes involved in the progression of malignant disease. Many of these factors are 
produced by tumor cells growing in tissue culture and are secreted into the growth 
medium. The measurement of these factors in the medium from cell cultures of tumor 
specimens may prove to be of predictive value in the assessment of the biological 
behavior of individual cancers. 

30 Preliminary work in this area has been on the detection of plasminogen 

activator inhibitor in the growth medium of glioblastoma cell lines. Plasminogen 
activator inhibitor expression has been shown to be increased in patients with malignant 
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brain tumors. Medium fa. gliol>lastoma ce| , (ines 

acnvator inhibitor when eompared „ ^ ^ ^ ™ " •*«««- 

5 computer which isprosral J ** ta ^"""^"ycalcuiated bya 

ofthedata. MU °™. ,e -. Stealer figurative representations 

to one example, the cells to be assayed are m,™ 
^sayedtbrtheirsensitivitytoacherr,,^ .■ ^ m mmb <* pUtes 

protocol, tne mi cro,i,rr D ,!,r ! ~^-«*B*»«»-»»*rtb- 
-tomancany^rr" ^--^^~-*^*~»r 

> readingRIA data would be provided if «. For '^ce, a scaler for 

oujq De provided if the assay is an RIA assay. 
* - Example 11 

<*-»*»-«- of Nncl£jc Qf a Tumw s ^ 

from the total cellular RNA by passage of the total celluiar^Rj^ was 'sc'ated 
cellulose ^J^^t^^^^^^^*^- 

synthesis reaction using reverse transcriptase rte « " ^ 

hybridized under strinaentconH',^ "-orescently labeled cDNA was 

•uer stringent conditions to a microarrav ft fnw a 
pressed in commercially available can °™ m!,0lmA corresponding to genes 

"nutations upon the scope o?T * ^ ^ 
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WE CLAIM: 

1 . A method for preparing genomics/proteomics cancer databases 
comprising the steps of: 

a. culturing proliferating cells by the steps of : 

i. collecting a tissue sample including the proliferating cells; 
5 ii. mechanically dividing the sample into cohesive 

multicellular particulates; and 

iii. growing a tissue culture monolayer from the multicellular 

particulates; 

b. purifying a nucleic acid sample from cells of the monolayer; 

10 c. analyzing the nucleic acid using a method for characterizing the 

nucleic acid of proliferating cells, thereby generating genetic data specific to the tissue 
sample; 

d. treating the nucleic acid sample to a drug wherein a specific gene- 
drug response is elicited; 
15 e. collecting clinical data specific to the patient from whom the tissue 

sample was collected; 

f. gathering the genetic data and the clinical data to form a data set; 

and 

g. correlating the genetic data and the clinical data to create a gene 
20 relationship database structure. 

2. The method of claim 1, further comprising the step of performing 
genomic, proteomic, and a combination of genomic/proteomic dynamic assays on the 
tissue culture monolayer. 

3. The method of claim 2, further comprising the step of using an 
ATP bioluminescence assay to determine apoptosis levels of the proliferating cells. . 
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10. The method of claim 8 wh*™* «, 

n - The method of claim 4 whp^n «.« _i- 
p ra s«vcd fix, m a groTO „f D ™ v ™ 4,Whm ' n tt ^°"°™e monolayer is 

group of preservatives consisting of DMSO, glycerol and inannjtol. 
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14. The method of claim 13, wherein microarray assays are used to 
generate the genetic data. 

15. The method of claim 13, wherein antisense is produced for each 
nucleic acid associated with the specific gene-drug response. 

1 6. The method of claim 1 5, wherein the antisense is used as a reagent 
on cells that are representative of the tissue sample of the proliferating cells. 

1 7. The method of claim 1 6, wherein the antisense reagent is used in 
a micro version cell-based patient assay system. 

18. The method of claim 16, wherein the representative cells are 
determined based on fluorescent staining for cell types and subtypes. 

19. The method of claim 18, wherein the gene relationship database 
structure, the micro version cell-based patient assay system, and the dynamic assays from 
the unfrozen cells of the monolayer are compared to the gene relationship database 
structure, the micro version cell-based patient assay system, and the dynamic assays from 
the frozen cells of the monolayer. 

20. An assay method for characterizing proliferating cells, comprising 

the steps of: 

a. culturing proliferating ceils by: 

i. collecting a tissue sample including the proliferating cells; 

ii. mechanically dividing the sample into cohesive 

multicellular particulates; and 

iii. growing a tissue culture monolayer from the multicellular 

particulates; 

b. purifying nucleic acids from cells of the monolayer, and 
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21. The method of cJaim 20, in which the nucleic acid is DNA. 

22. The method of claim 20, in which the nucleic acid is RN A . 

23. The method of claim 20, in which the method for characterise 
the nucleic add includes the *t„ n «f • ing 
acid, of sequencing at least a portion of one of the nucleic 



24. The method of claim 20, in which the nucleic acid is analyzed for 
polymorphs characteristic of a proliferative state. 

then',/ , ^ eraeth ° d0fC,aim2 °' inWhich * e -modforch^ 

-ells ^* + «~^„^^„ m ^ 

KNA as compared to the amount of the same RNA in a non-proliferating cell. 

ohenctvn- n ^ ^ ^ ^ the additional step of 

phenotypically analyzing the cells. 

27. The method of claim 20 r,„+i^ 

— - ** *, s,^ signmrant J* 
states with phenotypic and/or genotypic characterizations, diagnoses and/or prognoses. 

the one ^ ^ ^ ■» «* * encoding 

the„„eor„, oreproBle?inlloonlputerstoragemajium ^ .«P. 
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29. The method of claim 28, further comprising the step of providing 
access to profiles over a computer network. 

30. The method of claim 20, further comprising the step of encoding 
the genetic data in a computer storage medium in connection with corresponding clinical 
data. 

3 1 . The method of claim 30, further comprising the step of analyzing 
a set of the encoded genetic data in connection with a set of corresponding clinical data 
for statistically significant commonalities and/or trends to generate one or more profiles 
which links one or more proliferative cell disease states with phenotypic and/or genotypic 

5 characterizations, diagnoses and/or prognoses. 

32. The method of claim 3 1 , further comprising the step of encoding 
the one or more profiles in a computer storage medium. 

33. The method of claim 32, further comprising the step of comparing 
genetic data derived from a tissue sample from a patient with the encoded profiles to 
provide a patient-specific diagnosis or prognosis. 

34. The method of claim 32, further comprising the steps of adding to 
the encoded sets of genietic and corresponding clinical data an additional set of genetic 
and corresponding clinical data and incorporating the data into the profiles. 

35. The method of claim 32, further comprising the step of providing 
access to the set of genetic data, the set of corresponding clinical data and/or profiles over 
a computer network. 

36. The method of claim 3 1 , further providing a means for adding data 
generated by the analyzing step to the set of encoded genetic data over a computer 
network. 
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37. The method of claim 30, in which the clinical data includes data 
■n ,ca„„ g to what treats) the patien, from whioh the tissue ^ was ^ 



subjected. 



38. The method of claim 37, in which the clinical data includes data 
indicahng the clinical result of the treatment( S ). 

39. The method of claim 30, further comprising the step of providing 

nZ^ ^ ° f g6netiC d3ta ^ d3ta «~ * ^ 



^ 40. The method of claim 29, in which the method for characterizing 
the prohferating cells is performed using a nucleic acid microarray. 

41. The method of claim 20, in which the method for characterizing 
*e nucleic acid of proliferating cells is performed using a molecular beacon allelic 
discrimination probe. 



42. The method of claim 20, in which the analyzing step is at least 
partially automated. 



43. A method for preparing a diagnostic database for proliferative 
diseases comprising the steps of: 

a. culturing proliferating cells by the steps of: 

i- collecting a tissue sample including the proliferating cells- 

mi , U | . U :. mechanic ^"y dividing the sample into cohesive' 
multicellular particulates; and 

naH . .■■ a tissue culture monolayer from the multicellular 

particulate; 

b. purifying a nuc]eic acid OTp|e ^ ^ of ^ monoIayer _ 
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1 0 c. analyzing the nucleic acid using a method for characterizing the 

nucleic acid of proliferating cells, thereby generating genetic data specific to the tissue 
sample; 

d. encoding the genetic data generated by the analyzing step onto a 
computer storage medium so that the data is retrievable and searchable as part of a 

15 database; 

e. encoding corresponding clinical data specific to the patient from 
whom the tissue sample was collected onto a computer storage medium so that the data 
is retrievable and searchable as part of a database, wherein the clinical data specific to 
each patient is linked to the data generated by the analyzing step for a tissue sample from 

20 the same patient; and 

f. providing a database search engine or a data mining engine that 
allows searching, retrieval and/or analysis of either or both of the genetic data and the 
clinical data. 

44. A computer device useful for detecting and analyzing proli ferating 
cells, comprising: 

a. a set of genetic data encoded in a computer storage medium so that 
the data is retrievable and searchable as part of a database, the genetic data being 
5 generated by the steps of: 

i. culturing proliferating cells by: 

1. collecting a tissue sample including the 

proliferating cells; 

2. mechanically dividing the sample into cohesive 

10 multicellular particulates; and 

3. growing a tissue culture monolayer from the 

multicellular particulates; 

ii. purifying a nucleic acid sample from cells of the 

monolayer, and 

15 iii. analyzing the nucleic acid using a method for 

characterizing the nucleic acid of the proliferating cells; and 
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b- a set of clinical data encoded in a computer storage medium so that 
the data is retrievable and searchable as part of a database, the clinical data corresponding 
to the genetic data, wherein the genetic data is limited to the corresponding clinical data. 

45. A method for characterizing a proliferative disease in a patient, 
comprising the steps of: 

a. culturing proliferating cells by: 

i. collecting a tissue sample including the proliferating cells; 
"'• mechanically dividing the sample into cohesive 
multicellular particulates; and 

iii- growing a tissue culture monolayer from the multicellular 

particulates; 

b. purifying a nucleic acid sample from cells of the monolayer, 

analyzing the nucleic acid using a method for characterizing the 
nucleic acid of the proliferating cells, thereby generating genetic data specific to the 

tissue sample; and 

d. comparing the genetic data and, optionally, conesponding clinical 
data to profiles that link genetic and corresponding clinical data to known proUferative 
d-sease states, thereby identifying a disease state having the best matching genetic and 
optionally, clinical data. ' 

46. The method of claim 45, in which the profiles are encoded in a 
compute, storage median, so that the preStes are retrievable and stable as part of a 
database, the comparing step Mng perbmed ^ ^ cUmoal data 6r a tissue sample 
mto software that compares me input date to the ptofiles encoded in me computer storage 
medium. 

47. A method for distributing information characterizing a % 
prohferative disease, comprising the step of providing access ov* a computer or 
computer network to data generated by a cell culture method comprising the steps of: 

a. culturing proliferating cells by: 
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i. collecting a tissue sample including the proliferating cells; 

ii. mechanically dividing the sample into cohesive 
multicellular particulates; and 

iii. growing a tissue culture monolayer from the multicellular 

5 particulates; 

b. purifying a nucleic acid sample from cells of the monolayer; 

c. analyzing the nucleic acid using a method for characterizing the 
nucleic acid of the proliferating cells, thereby generating genetic data specific to the 
tissue sample; and 

10 d. encoding the genetic data in a computer storage medium that is 

accessible from a computer or over a computer network so that the data are retrievable 
and searchable as part of a database. 
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